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INTRODUCTION

Vegetable dusts may be defined as aserosols derived from plants regardless of the nature
of the particles that are emitted finto the alr during their harvesting, preparation,
manufacture and transportation.

Other natural dusts include animal danders, feathers, excreta, and microorganisms and
their products. These dusts are numerous and varied in nature and arve found in a number of
ma jor industries, but are especially important in agriculture and the textile industry. The
worldwide population at potential risk from exposure to these dusts 1s extremely large. These
exposures are particularly important in developing countries where the vast majority of
workers and family members, including children, are engaged in agricultural activities and in
small-scale manufacturing,

When inhaled, these dusts exert a variety of harmful effects on the alrways and on the
lungs which may be clascified into three main types; occupational asthma, hypersensitivity
pneuvmonitis, and nonspecific airways obstruction leading to chronilc obstructive pulmonary
disease, Byssinosis may be considered a fourth major syndrome In view of the characteristic
symptomatology it presents, although in its terminal stages it leads to chronic obstructive
pulmonary disease. As many of these dusts contain a wide range of different components, they
elicit more than one type of response which may make 1t difficult to recognize clear—cut
clinical syndromes. Grain workers, for example, have a varlety of responses because of the
varying constituents and contaminants of grain dust.

In fact, agricultural workers are very often exposed to a mixture of vegetable dusts,
microbial matter, soils, residues of herbicides and pesticides, which may cause adverse
effects from combined exposures, Such effects are influenced by other working conditions,
medicinal drugs and personal habits (e.g., cigarette smoking, ete.). The health effects of
combined exposures in the work environment have been considered in more detail In the report
of the WHO Expert Committee on Ocecupational Health¥®,

The wide oceurrence of pulmonary diseases resulting from occupational exposure to
vegetable dusts is the major reason for which WHO and NIOSH declded to produce this study.
The report of the Director—General of WHO to the World Health Assembly in 1986** gave a few
examples of the magnitude of this problem; a range from 12.3%Z to 30Z of byssinosis among
cotton operatives in a developing country; 127% of hypersensitivity pneumonitis asmong sugar
workers exposed to dusts of sugar—cane in another country and up to 504 of chronic
obstructive pulmonary disease of grain workers,

This document reviews the major work-related respiratory diseases in exposure to
vegetable and other natural dusts; it points to gaps in knowledge requiring further
investigation, advises on best known control measures and provides guidance on research
methods that are feagible to undertake in both developing and highly industrialized
countries, Most of the chapters contained were reviewed by a joint NIOSH/WHO workshop in
Morgantown, West Virginia, USA, in April 1983. Since then, it has undergone intensive review
and editing by specialists in the field and was finally put in a form that is most suitable
for occupational health personnel in most countries. The authors of the different chapters
represent a reasonable geographic distribution, as did the workshop in West Virginia (list of
participants in the Annex). The document also represents one of the many joint activities by
WHO and NYOSH in promoting occupational health.

Mostafa A. El Batawi

Chief Medical Officer

Office of Occupational Health
World Health Organization
CH~1211 Geneva 27, Switzerland

*WHO Technical Report Series No, 662, 1981 (Health effects of combined exposures in the work
environment: report of a WHO Expert Committee). Geneva, World Health Organization, 76 pp.

**WHO, Progress Report of the Director—General on Workers' Health, to the Thirty-ninth World
Health Assembly, 1986 (A39/8).
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SUMMARY *

A. WORK-RELATED DISEASES

1. Oceupational agthma

Occupational asthma is s reversible obstructive airways disease wilth hyperresponsiveness
of the airways to a variety of allergic stimuli. Tt is usually associated with symptoms of
¢hest tightness and wheezing together with exXc¢essive mucus secretion, mucosal inflammation
and edema, and eosinophilia in blood, respiratory tissues and sputum. A diverse variety of
vegetable and natural dusts produce occupational asthma, and the global population at
potential risk to these dusts is large.

(a) Patholopy and pathogenesis. The pathogenesis of occupational asthma is similar to other
forms of allergic asthma. Characteristic pathological findings include airway edema and cell
shedding, basement membrane thickening, smooth mugcle and gland hypertrophy and hyperplasia,
and infiltration with eosinophils, associated with overdistension of the lung, but without
destructive emphysema. Three major mechanisms are involved in occupational asthma: (1) the
induction of bronchial hyperresponsiveness; (2) primary sensitization to an allergen; (3)
exposure to nonspecific triggering factors (¢old, exercise, viral infection, co-existing
chemical irritants).

Available data suggest that atopy is importani in asthma arising from exposure to
vegetable and other naturally oceurring organic dusts. The presence of IgE antibodies to
inhaled antigens defines the atopic individual and plays an important role in triggering
asthma in atopic workers exposed to vegetable and other organie dusts. Activation of mast
¢ells leads to release of z large number of mediators which produce bronchospasm, mucosal
edema and mucous secretion.

Leukotrienes are now congsidered leading candidates as primary mediators of asthma, while
platelet activation and neutrophil chemotactic activity zeem to play a role in the
pathopgenesis of the disease and should therefore be studied. Cigarette smoking is an
impovtant risk factor in airwsys disease and plays an important role in aitrways
responsiveness.

{(b) cClinical assegsment. Clinical asthma is a relatively common disease. It hag been
estimated that 3-5% of the adult population have asthma and that about one-third of those
affected will produce specific IgE antibodies to common alletrgens in their environment.
Clinical evaluation depends on assessment of medical and occupational histories, which should
include information about specific environmental exposures. Skin testing with specific
antigens and radio-allergo-sorbent-test (RAST) may provide useful information about specific
antibedies. Clinical assessment can also be aided by documentation of variations in simple
measures of lung function (peak expiratory flow (PEF) or forced expiratory volume in one
second (FEVy), over a working shift, and if possible, assessment and quantitation of the
environmental exposure).

(¢) Epidemiolopy, natural history and management. Available epidemioclogical data on
occupational asthma are limited. There is, however, some evidence that suggests the attack
rate of occupational asthma arising from these dusts is dependent on the concenirstion of
dust exposure and the proportion of atopic workers. There are also data indicating that the
longer exposure continues following the onsei of asthma, the more severe and persistent the
asthma symptoms will be. Hence, an important aspect of the medical mansgement of
oceupational asthma is transfer of affected workers away from exposures. When they cannot be
transferred, medical management may require pharmaceutical treatment and the uge of
respirators, in addition to primary environmental control.

lBy El Batawi, M.A., Pinklea, J.F., Glenn, R.E., Major, F.C., Merchant,
J.A., Richerson, H.B., Schilling, R.S5.F.




WHO/OCH/87.1
Page 9

2. Hypersensitivity pneumonitis

Hypersensitivity pneumonitis, also known as extrinsic allergic alveolitis, is a disease
with a respiratory and a constitutional component. The disease may occur following the
inhalation of antigens contained in a wide variety of organic materisls. Offending agents may
be bacterial (e.g., thermophilic actinomycetes), fungal (e.g., Alternaria or Aspergillus),
gerum proteins (e.g., avian or rodent), organic chemicals of delined structure (e.g., toluene
diisocyanate), or as yet undef{ined agents in vegetable dusts (e.g., green coffee dust, insecl
products),

(a) Pathology and pathopenesis. Much remains to be learned about the pathology and
pathogenesis of hypersensitivity pneumonitis. Lung findings in the acute form of the disease
are those of an acute granulomatous interstitial pneumonitis with numerous macrophages, giant
¢cells and a modest number of eosinophils. Following repeated insulls and persistent chronic
inflammation, diffuse interstitial fibrosis or honeycomb lung may develop. Ghronice
inflammatory changes may persist and the small muscular arteries and arterioles are thickened.

The immunologic events responsible for hypersensitivity pneumonitis ace complex. The
relevant antigens must reach the appropriate effector cells of the lung. Complement
activation may play a role by releasing mediailors or interacting with eireculating antibodies
to form immune complexes. Recenl evidence supggests a role for cell-mediated immune responses
and for functional abnormalities of T cells.

(b) Clinical assessment. AL the time of diagnosis, patienis are usually distinguished as
having an acute, subacute or chronie form of the disease baged upon Lhe clinical presentalion.
The acute form of the disease is characterized By c¢hills, fever, cough, malaise, inspiratory
rales and breathlessness without wheezing, occurring 4 to 12 hours after exposure to the

of fending environment or antigen. Leukocylosis, restrictive pulmonary dysfunction and
hypoxemia are usually demonstrable. The subacute form of the disease has a more insidious
onset and is less f{requenl. This form resembles progressive bronchitis with productive cough,
dyspnea, easy fatigue and weight loss. Resgtrieltive and obstructive dysfunction and hypoxemia
especially with exercise, may be demonstrable. The chronic form of the disease, resulling
from long-lerm repeated exposures to offending antigens, leads to the gradual development of
disabling respiratory symptoms often with pulmonary fibrosis, progressive restrictive
dysfunction, reduced lung compliance and hypoxemia.

(¢) Epidemiology, natural history snd manapement. Because hypersensitivity pneumonilis is
not ususally rvecognized as a reportable occupational respiratory disease, and because patients

may be diagnosed as having another respiratory disorder, epidemiclogic data are limited.
However, the information available suggests that hypersensitivity pneumonitis is a
significant, frequently overlooked illness among farmers and that 3% or more of dairy farmers
may be affected. The disorder appears to be more freguent (6-15%) among pigeon breeders.

Its frequency among other occupational groups is not known,

Education of employees and employers is a logical first step which is necessary for
recognition of the disease. It should then be possible for multidisciplinary teams of
investigators to identify the offending agents and to develop and evaluate control measure.

3. Byssinosgis

A commonly known occupational respiratory disease resulting from exposure Lo cotton dusts
in ginning, spinning; flax dust in baling and spinning; soft hemp and sisal processing. The
disease has been widely investigated in many parts of the world for a large number of years.
Byssinosis is characterized by chest tightness and cough which, in the initisl stages, appear
among the workers in the first day of the working week and/or upon return {rom holidays in
exposure to airborne dusts. As exposure continues Lhe disease becomes a chronie obstructive
pulmonary syndrome. Even in it2 late slages of chronic bronchitis and emphysema, Lhe
characleristic symptoms of pulmonary Lightness in the f{irst. day of the working week still
persist. In many instances, particularly with cotton, when coiton is handpicked and processed
without storage, these symptoms do not appear, and instead, the workers suffer from upper

|
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respiratory tract and eye irritation. After prolonged exposure ihe worker gsuffers from
chronic obstructive pulmonary disease and emphysema. In all cases of exposure to retted
flax, however, the characteristic symploms of byssinosis are common repardless of the stage
of permanent pulmonary impairment.

(a) Pathology and Pathogenesis. The pathological picture of byssinosis iz similar to that

of chronic bronchilis and in advanced stages to emphysema. A large number of studies have

been conducted on the pathogenesis of byssinosis. The main theories are summarized below:

(i) Histamine release., Several studies show that colton dust extract, as well as

extracts of flax and hemp dusts, induce the release of histamine from samples of
human lung tissue in vitro. That the histamine-releasing aclivily, which is also
signifieant during in vivo exposure of humans, is suggested by the finding that
blood histamine levels are higher than normal in flax and cotton workers with
symptoms of byusinosis,

Several aulhotvs have observed smoolh-muscle conlragtion in guinea-pig ileum in the
presence of textile dusts. This may correlate with the prevalence of byssinosisz in
the mills from whic¢h the dust samples were obtained, but similar activity has also
been reported with jute dust, which does not cause byssinosis.

(ii) Gram-nepative bacteria and their associated endotoxins. The pharmacodynamics of
endotoxins (or lipopolysaccharides) that are found in the cell wall of
Gram-negative bacteria have been widely investigated.

In animal experiments, exposure to endotoxins by inhalation causes an influx of
leukocytes into the bronchi and the airways. The leukocyte levels remain elevated
during a econtinuous exposure but falls rapidly on cessation of exposure to increase
again when the exposure is resumed.

Endotoxins in cotton mill dust have also been measured. The usual concentrations
range from 0.2 ugfm3 te 1.5 ug/m3 of duzt. A good correlation hetween the

extent of byssinosis and the concentration of Gram-negative bacteria in the air has
been found in studies in Bngland, the United States of America and Sweden.

The fact that clear symptoms are more common with stored cotton and retted flax may
substantiate this theory from the epidemiological standpoint.

(b) Clinical assegsment. Respiratory function studies among the workers exposed show
lowering of ventilatory capacity during the day of exposure, sometimes by 15% of the forced
expiratory volume in one second (FEVy) measured before and after the workshift. When
chronic obstructive manifestations start to appear, the ventilatory capacity iz reduced
permanently depending on the degree of respiratory disability. The acute reduction of FEVq
during the day also occurs in the advanced cages.

On clinical examination there are no characteristic changes among the workers giving the
symptoms. $imilarly, the radiographic picture is normal in the early stages. 1In the
advanced stages, changes similar to chronic bronehitis, and later-on-emphysema, appear in
chest radiographs.
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Receni classification of c¢linical manifestationsin respiratory disorders from
exposure to vegelable dusiscausing byssinosis or respiratory tract irvritation

Classification Symptoms
Grade 0 No symptoms
Byssinosis
Grade Bl Chest tightness and/or shortness of breath on most first days bhack at
work
Grade BZ Chest tightness and/or shorinezs of breath on the first and other

days of the working week
Respiratory Traci Irritation (RTI)
Grade RTI 1 Gough associated with dusi exposure

Grade RTI 2 Peprsistent phlegm (i.e., on mest days during 3 months ¢f the year)
initiated or exacerbated by dust exposure

Grade RTI 3 Persisteni phlegm initiated or made worse by duslt exposure either
with exacerbations of chesi illness or persisting for 2 yesrs or more

(¢) Epidemiology. Byssinosis has been described in many countries producing and/or
processing cotton, flax and soft hemp. The disease was first observed more than 120 years
ago. It still affects large numbers of exposed workerz in many parts of the world. Recent
obgervations of prevalence shows that its magnitude is high, particularly in developing
countries, at times affecting up to 60% of the workers exposed.

4. Chronic obstructive pulmonary disease

Chronic obstructive pulmonary disease (COPD) can be caused or exacerbated by exposures
to vegetable and other natural dusts. Vegetable dusgtg contain a mixture of heterogeneous
materials. Thus, response to them is mixed and variable. On present evidence, the main
response is non-specifi¢ asirways obstruction which may lead to chronic obsiructive pulmonary
disesase, However, some expozed workers develop allergic asthma; others may develop
hypersensitivity pneumonitis, for example from exposure to moldy rice dust. The chronic
obstructive pulmonary disease resulting from such exposures is characterized by increased
cough and sputum production which may be associated with airways obstruction.

Pathogenesis. The pathogenesis of nonspecific alrways obsiruction has not been well
defined. There are numerous parallels with airways disease caugsed by cigarstte smoke, the
best def{ined of which is pulmonatry disease in grain workers. The effects on the airways
ineclude inflammation, inereaszed mueus secretion, increased airways permeability and
nonspecific hyperreactivity which ¢an lead to both acute and c¢hronie respiratory symploms.

The mechanisms by which inflammatory cells are atiracted to the lung by vegetable dusts
are not understood. Vegetable dusts and other inhaled dusts may contain endotoxins which are
known to attract neutrophils, probably by activating the complement cascade that genetates
chemotactic factors for these cells. These inhaled particulates may also stimulate
macrophages, which are present in the airways, to release a chemotactic factor which attracts
neutrophils. Once neutrophils are present in the airways, they may release a variety of
products whieh increase mucous secretion, airways permeability, and nonspecific
hyperreactivity. The dusts themselves may also stimulate sputum production and histamine
release that are likely to increase airways obstruction.
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Occupational exposures to dusts causing COPD

1. Grain dusts. The seeding, harvesting, ¢leaning, trangporting, storing and processing of
cereal grains can expose workmen to a heterogeneous mixture of substances including husks and
particles of grain components, similar particles from weed and other seed contaminants,
fungal gcpores, bacteria, aflatoxins, insect and mite components, and silica, as well as
chemical pesticides and herbicide residues.

Workers exposed to cereal grain dusts may develop chronic, progressive airways
obstruction. Emphysema has been described in such workers who are nonsmokers or light
smokers. Cigarette smoking in addition to dust exposure has an additive or even synergistic
effect. Symptoms of cough, sputum, wheezing and shortness of breath are present. Asthmatics
commonly select themselves out of the grain industry. Grain workers show evidence of
increased airways sensitivity to inhaled histamine and those with alpha-1- antitrypsin
phenotype variants appear to be at increased risk.

2. Jute and hard hemps. The processing of jute fibers obtained from the stem of the plant,
releases dust which in some populations has caused a high prevalence of persistent cough and
phlegm, without symptoms of byssinosis. Jute workers have an acute decrement of FEVy and
forced vital capacity (FVGC), during the shift but no studies have yet reported petmanent
respiratory impairment.

Worketrs exposed to a mixture of jute and kenaf, a fibver from an East Indian Hibiscus
similar to jute, had a high prevalence of chronic breonchitis and a typical chest tightness
which, in contrast to byssinosis, worsened during the week. Respiratory symptoms were
related to length of exposure. These workers had reductions in FEVy during the shift which
were significant in smokers.

Hard hemps are obtained from plant leaves. Studies of workers exposed to Manila,
Mauritius and St. Helena hemps have similar responses in terms of chest symptoms and acute
changes in lung function to those of jute and kenaf, but generally they are less marked,

Present evidence indicates that these dusts cause alrways obstruction but not
byssinosils. There is no reliable data yet available on exposure/response relatlons and on
evidence of permanent respiratory impairment. There have been no studies of immunclogy
except for dust mixtures which contain jute.

a. Kapok. Kapok is the fiber obtained from the fruits of Ceiba pentandra. Kapok ginnets
are exposed to excessive dust. In a study of these workers, 78% suffered {rom mill fever on
initial exposure, and 17% of them developed chronic bronchitis which occurred usually after
ten years of exposure, It was not related to smoking. Though kapok is similar to cotton,
bygsinosis was not detected.

4. Coir. Processing of coir, which is the fiber obtained from the husk of the coconut, is
dusty. The chief conatituents of the dust are lignin (xylogen) and cellulose.

5. Tea. Asthma has been described among workers in tea factories. In one study of 125 tea
blenders with an average of 22.9 years in the industry, 36% had respiratory symptoms; 25% had
chronic bronchitis and 6% asthma.

b. Coffee. Workers who process, handle and roast green coffee beans are exposed to coffee
dust and chaff. 1In a study of 400 workers, nearly 10% had allergic symptoms consisting of
nasal congestion, dermatitis, asthma and lacryimation. Symptoms were atiributed to an
allergen in raw coffee.

7. Chili. Chili, which is the fruit of shrubs of the genus Capsicum, contains an acltive
principle, capsaicin, which iz highly irritant. Workers who grind chilis are exposed to a
(ine dust. The majority of them develop cough, runny nose and sneezing upon starting work.
They develop a relative tolerance after a variable period of exposure lasting up to six
months. Workers also experience a burning sensation of the skin and lose weight.
Hypersensitivity pneumonitis, as described in paprika splitters, has not been observed.
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8. Cocoa. The cocoa fruit contains several seeds, each covered by a mucilagenous coat.
After extraction of seeds, this coat is removed by fermentation. 1In one study, 17
longshoremen unloading cocoa beans in the hold of a ghip suffered from nausea, eye
irritation, substernal pain, shortness of breath and labored breathing. These symptoms were
probably the result of exposure to low oxygen, high carbon dioxide levels, and ethyl alcohol
and acetic ae¢id, which are produced by fermentation. Cocoa seeds develop a number of
saprophytic fungi which affect the workers in producting countries by symptoms of
bronchoconstriction and at times hypersensitivity pneumonitis rather than chrenic bronchitis.

9, Cinnamon. Cinnamon, which is obtained from the dry inner bark of Cinnamon zeylanicun,
contains an irritant: cinnamic aldehyde. Workers processing cinnamon are exposed to much
cinnamon dust and have a high prevalence of respiratory symptoms (88%) and of asthma (23%).
Other manifestations are irritation of skin (50%), hair loszs (38%) and smarting of the eyes
while at work (23%). Loss of weight (65%) is a common finding.

10. Tobacco. Information on the effecis of tobacco dust on the respiratory sysiem is
limited. A significant proportion of the world's tobacco products is manufactured in small,
often poorly mechanized factories in which dust levels may be very high. Detailed analyses
of tobacco dust have not been done. The available data implicate tobacco dust as a cause of
chronie bronchitis and possibly occupational asthma. On acute exposure, fever may also be
encountered.

11. Rice. Exposure to rice dust may occur during the harvesting, threshing, milling,
storage, handling or transportation. The composition of rice dust is nol known. Although
the amount of epidemiologic data is limited, there are indications that exposure to high
levels of rice dust increases the risk of chronie bronchitis and may pose a tisk of
hypersensitivity pneumonitis.

B. METHODS OF INVESTICGATION

Standardized methodology is essential if information {rom siudies by diffevent
investigators is to be effectively used. Laboratory procedures are belpful in defining and
quantifying health effects of environmental exposures, as well as providing ingighi into
mechanisms of disease. Surveillance programmes may detect patterns of respiratory morbidity
or mortality suggesting the need for more detmiled investigations. Environmental or
biological monitoring may also indicate groups at high risk.

1.  Questionnaires

Standardized questionnaires provide an economical, but pactial means of assessing
respiratory symptoms and relative levels of exposute to environmental agents. They are a
necessary part of any systematic investigation of environmentally related respiratory disease
and can also provide information on confounding or modifying factors such as cigarette
smoking. Validated questionnaires for byssinogis and chronic respiratory disease have been
developed by the British Medical Research Council (MRC). Questionnaitres more suitable for
investigating the effects of vegetable dust exposures have been developed {or cotton workers
and grain workersz, but at present, these are not validated for occupational asthma and
hypersensitivity pneumonitis.

Appropriately modified versions of the MRC versions may be used until validated
gquestionnaires are available. They should retain asz much of the content of the original as

possible to allow comparison of results with previous studies.

2, Chegst radiographs

Chest radiographs are helpful in clinical investigations of conditions where intensive
transient or chronic parenchymal inflammation or fibrosis ocecurs (e.g., hypersensitivity
pneumonitis), but may be of no use in conditions with very low grade inflammation or
predominant airways responses (e.g., occupational asthma). Standardized methods of
interpretation are essential to minimize interobserver variation.
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3. Pulmonatry function assegssment

Standardized spirometric measurement of the forced vital capaeity and forced expiratory
volume in one gecond provides the mainstay for functional assessmeni of the respiratory
system. Comparison of results in the study group with appropriate predicted values and if
possible with those of a comparable nonexposed control group is essential to interpretation.
Measurements made before and after the workshift may detect acute effects of exposure.
Longitudinal studies may provide strong evidence for chroniec effects of exposure, but are
difficult to carry out effectively.

4, Laboratory investigations

Laboratory procedures which provide information on cellular and humoral responses to
axposure may be lielpful in several ways. Subclinical effects may be early indicators of
disease or may suggest basic pathophysiologic mechanisms. Immune and nonimmune mediated
regponses may be detected by sampling of serum or bronchoalveolar lavage. Many of the
techniques described have limited application in epidemiologic studies and should be confined
to carefully designed clinical studies. Measurement of peripheral leukocyte numbers and
differential counls of leukoeytes are recommended in studies of vegetable-induced lung
diseases and exposures as is Lhe detection of antigen-specific antibody by the double
diffusion gel technique. Histamine content in blood may also be useful in volunteer
experiments and in animal models.

3. Environmental monitoring

Environmental assessment is essenlial in relating exposure levels of dusi's
concentration together with duration of exposure and health effects, and determining the
efficacy of existing or newly installed control methods. Individual exposure is best
determined with personal samplers, bul area samples combined with a detailed job description
and time and motion studies will also provide an estimate of personal exposure. Individual
cumulative exposure estimates may be derived from work histories combined with historical
environmental data, or by assuming that past exposures were similar to present day exposures.

If the primary interest iz assessing and controlling exposures, simple nethods such as
total or respirable personal dust sampling are recommended. If the intent is to relate both
axposure and disease with a goal of establishing a zafe level of exposure or describing the
etiology of the disease, more sophisticated methods are additionally recommended: particle
sizing, analysis for protein and carbohydrate fractions, endotoxin analysis, biological
sampling for bacteria and fungi, gas analysis, and heat giress evaluation. Possible
interactive effects due to multiple exposures should be considered, especially where
particulates and irritant gases are both present.

6. Dust measurement

Airborne dust messurement provides an environmental assessment of workers' exposure Lo
vegotable dust and an agsegssment of the performance of engineering controls. The active
constituents of vegetable dust are often unknown and may reside in a certain size range of
the aerosol. The delermination of the active constituents often requires chemical analyses
as vegetable dusts are typically composed of s mixture of plant fragments, soil, microbial
conlaminants, pesticide residues, insect parts, inorganic matter, and animal or insect
feces. In general, relaling exposure to effect is more difficult with vegetable dusts than
with minersl dusts. The choice of the sampling method is determined by the physical and
chemical characteristics of the dust; the expected concentration; the site of respiratory
tract deposition; and the pucpose for collection (exposure assessment, particle gize
analysis, chemical analysis, biological analysis). Different devices are used to collect Lhe
total, regpirable, or inhalable fracitions of any aerosol.

Gravimetric methods are generally used Lo assess workers' exposure to total dust,
respirable dust, and "inhalable” dust. Tolal dust is Lypically collected using a 37 mm
nonhygroscopic polymerie filter (PVC, etc.) mounted in a plastic casseile and connected to a
personal sampling pump, calibraied at 1.5-4 Lpm. Respirable dust may be sampled similarly
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with the addition of a 10 mm cyclone preceding the filter to remove the nonrespirable
particles from the airstream prior Lo collection. Gram quantities of a total or respirable
dust may be obtained by using a high-volume gampler or with a large capacity cyclone
preceding a filter. Inhalable dust is monitored using a verlical elutrialor designed Lo
collect particles less than 15 u in aerodynamic diameter.

Particles sizing methods can be employed using either multi-orifice or single orifice
cascade impactors. Models are available that require either an external power source or a
battery-powered vacuum pump. Vegetable dusts typically contain large particles (lint, ete.)
that can ¢log the impactor orifices or cause excess particle bounce and re-entrainment.
Presepavators are available that are designed to minimize these effects.

7. Chemical analysis

Chemical analysis of collected vegetable dust should include analysis for the protein
and carbohydrate fraction. Dust can be collected for analysis using total dust or
high-volume sampling techniques. Settled dust can be collected with a high-efficiency
industrial vacuum cleaner. Analysiz {or pesticide or herbicide residues should be considered
if they are being uszed on or near the crop concerned,

8. Biological assessment

Biological assessment of vegetable dust may be advisable, éspecially where vegetable
matter is stored for extended periods and when dampness, humidity, and heat encourage the
growth of microorganisms. Recommended collection methods include the use of the six-stage
microbial impactor, the slit-Lo-agar sampler, and the all-glass impinger. The first iwo
methods involve direct impaction upon agar-filled Petri plates. Liquid impingement requires
the extra steps of serial dilution and plating onto agar surfaces. Fungal or bacterial
enumeration ¢an be accomplished using selective média., Measurements are usually expressed in
colony- forming units per cubic meter (CFU/m3). Tdentification of the fungi and bacteria is
generally advised.

Endotoxin analysis, an assessment of airborne Gram-negative bacterial contaminalion,
should be performed on vegetable dusts. Dust may be collected by area, personal, or high
volume samplers, with the appropriate air and volume data to provide quantification of the
airborne concentration of endobtoxins.

C. PREVENTION AND CONTROL

Occupational respiratory diseaze csused by vegelable and other natural dusts presents a
series of complex problems that hamper efforts directed towards prevention and control. The
dusts themselves ate poorly characterized. Seasonal variations in e¢rop production and the
migratory nature of substanlial numbers of the workforce complicate prevention and econtrol.
Employees may work long hoyrs for a few weeks, sometimes sustaining relatively high expogures
for short periods of time. For such reasons, permissible exposure levels based on an 8-hour
workday, 40-hour workweek may not, in some instances, be appropriate. Job assignments
involving the greatest risks are not all enumerated, nor are exposed worker populations at
increased rigk systematically identified. Epidemiologic and c¢linlcal studies are generally
not available to astablish exposure-response relalionships. MNevertheless, control principles
and measures that are of proven value can help protect the health of workers at risk.

A first step is the identification of health risks which is facilitated by appropriate
educational programmes for health professionals, workers and employers, Monitoring exposures
in the work environment is a means of identifying potential risks before adverse effects have
oceurred, TImproved geporting systems for occupalional respiratory diseases are needed to
supplement hazard recognition based upon ¢linical recognition of new cagses of disease.
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1. Engineering controls and pecsonal protective equipment

Engineering and environmental controls include enclosure, wetiing, local exhausi, and
dilution ventilation. When modern technology replaces traditional production melhods in
developing countries, care should be Laken to ensure that appropriate engineering and
environmental conirols are an integral part of this new technology. Total enclosure and
segregation of partiecularly dusty operations may often be possible. Control of microbial
prowth may sometimes be achieved. Local exhaust ventilation and sometimes dilution
ventilation may reduce high dust levels in workplaces.

Substitution of one fiber or food crop for another may help reduce hazards, but care
should be taken to ensure Lhat the new process does not itself preseni a major health hazard
and that the effects on producers and the national economies of developing nations are not
unreasonably disruplive.

The use of personal protective equipmenl may have an importani place in reducing
exposures where environmental and engineering controls are not possible or practicable. Air
purifying respirators may be used for many situations, bul supplied air brealhing apparatuses
may be necessary for cerlain operations.

2. Medical programs

Health surveillance programs are important in the control of respiratory disorders
caused by vegetable and other natural dusls. The effectiveness of health surveillance
programs depends upon the willingness of exposed worketrs Lo cooperate. Where preplacement or
periodic health examination restricls employmeni opporliunities for the worker, employers
should make an effort in good faiih to provide therapy of ill workers or alternate
employment. Preplacement medical examinations should include a detailed medical history and
pulmonary function testing (FEVy and FVC). Other measures such as chest radiography,
diffusion capacity and evaluation of immune status are reserved for specific situations. In
general, care should be taken to place persons wilh chronie chest diseases, and those with
pre-existing bronchial hypersensitivity, in jobs that do not involve dusty work or exposure
to airborne irritants. Atopic individuals undoubtedly have an increased risk of
sensitization to some agents. However, exclusion of atopics from jobs involving exposure to
agents causing occupational asthma cannol prevent such asthma, because nonatopie individuals
can be specifically sensiltized when exposures are heavy and antigens are potenl allergens, as
may be the case in many occupational settings.

Periodic examinations, where feasible and practicable, are of value in evaluating the
adequacy of environmental controls and in the early identification of health impairmenl and
of sugsceplible workers, AL a minimum, such examinations should include an interim medical
higtovy and gpirometry. Measurement of diffusing capacity, chest radiography and biological
monitoring may be of value in some situations.

3. Cessalion of cigarette smoking

Smoking ceszaltion education programs are critically important in the control of
oceupational respiratory diseases. Health personnel, employerz and workers should all be
involved. Educational programs are needed to point out how cigaretie smoking interacts wilh
exposures Lo vegetable and other natural dusts Lo produce chronic obstructive pulmonary
digease.

b. RECOMMENDATIONS

Workshop participants from industrialized and developing counlries alike agreed Lhail a
substantial segment of their worker populations would benefit from efforts leading Lo the
prevention and control of Lthe ocecupational respiratory diseases discussed. Efficient
prevention and control measures are recommended ag are areas of research requirving further
investigation, which can be facilitated or carried out by the World Health Organization and
its Collaborating Centres.
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1. Prevention and control

Environmental controls, mentioned below, are considered the mosl reliable means of
reducing or eliminating occupational respiratory diseases. Where these are not possible,
feasible or practicable, administrative controls, work practices, personal protective
equipment and medical surveillance become more important:

{a) Particular attention should be paid to the control of organic¢ and other natural
dusts when designing equipment used in crop produciion, processing and
transportation.

(b) Personal protective equipment should be developed, tesied and certified, paying
special attention to exposures involving vegetable and other natural dusts.

(¢} 1Information on the availability and suitabilily of respiratory protective equipment
ghould be made available together with testing facilities for efficacy of this
equipment.

(4) Engineering controls, which have had a beneficial effect in reducing or eliminating
occupational regspiratory disease, should be described and the impact of their use
documented.

(&) Since new technologies create new risks and long standing hazards may nol be
recognized, national administrations should be encouraged to creale systematic
record-keeping including analysis of health risks associated with new ctops and
technologies for the purpose of identifying health hazards amongst groups of
workers.

2. Areag requiring further investipation

Although mueh wotk has been done linking occupational respiratory diseasesz Lo excessive
exposures to vegetable and other natural dusts, further investigations are urgently necessacy
to fill the present gaps of knowledge. Special atteniion should be paid to those studies
needed for the establishment of exposure-response relationships and for the development of
scientifically sound prevention and control programs.

{a) Pathology and pathogenesis. Basic mechanisms underlying the development of byssinosis,
occupational asthma, pulmonary hypersensitivity, and chronic nonspecific airways obstruction
should be further investigated with special emphasis on the following:

The distribution and fate of inhaled dust components in the lung should be elucidated
with special attention being paid to factors thought to play a role in pathogenesis.
Research should document the role of inflammatory cells, especially neutrophils, in medialing
increased alrways permeability, increased mucus secretion, and nonspecific hyperreactivity in
individuals with this disorder or in animal models.

Investigations to definitively characterize the mediators in occupational asthma and the
roles of lymphocyte, macrophage and eosinophil populations in the pathogenesis of
occupational asthma.

The immunopathogenesis of hypersensitivity pneumonitis requires study with emphasis on
defining antigens, evaluating Lhe immune response and clarifying the role of genetic factors.

Fiberoptic bronchoscopy with biopsy snd lavage may be justified in some patients to
provide information on loecal pathology and associated abnormalities in acule and chronie
asthma, during symptom—free intervals, and in hypersensitivity pneumonitis.

Systematie quantitative morphological studies of large and small airways are required in
workers exposed to organic dusts. '
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(b) ¢clinical studies. Intensive study of individual cases of workers employing clinical
techniques and improved systems for classifying and reporting occupational respiratory
diseages are needed. Informalion, on the points outlined below regarding the clinieal
features of these diseases is essential for effective therapy, disease reporting and for
prevenliion and control:

(i) Clinical profiles are needed for individuals and groups of patients thoughi to he
adverszely affecled. '

(ii1) There is a need Lo identify factors which may enhance an individual worker's
sugeeptibility to dusl exposures. These may include: genetic factors, social and
cultural charvacteristics, infections, tobacco and marijuana smoking,

(iii) The effect of childhood exposure to organic dusts on lung growth and function and
the velationship of such exposures to the possible development of occupational
asthma and chronic obstructive pulmonary disease require evaluation.

(iv) Studies are needed to determine whether airways hyperresponsiveness is innate or
acquired in occupalional asthmas.

(v) Chest radiographs are useful tools in the clinical and epidemiclogical assesgsment
of hypersensitivity pneumonitis, but there iz a need to develop standardized
techniques and interpretation methods such as exists for the pheumoconioses.

(vi) Regearch leading to more effective therapy for individuals who develop
oceupational asthma, chronic nonspecific airways obstruction and hypersensitivity
pneumenitis is needed.

(¢) Epidemiology. More detailed epidemiology ztudies are needed of workers exposed to
vegetable dusts to determine the type of health effects, prevalence, severity and evidence of
both Lemporary and permanenbt impairment of respicvatory function. Whenever practicable and
where responses indicate that workers are heing adversely affected by exposures Lo vegetable
and microbial dusts, environmental measuremenis should be made to determine exposure-responge
relalionships to form the basis of control or recommended limits. Spec¢ific atlention should
be paid to the following areas for investigation:

(i) Systematic efforts are needed to develop data on the number of workers exposed Lo
vegetable and other natural dusgtsz, on the extent of their exposure and in the
relative potency of such dusts.

(i Specific recommendations for pbeplacement and periodic health examination
programe chould be developed for the workers exposed Lo Lthe major classes of
vegetable and natural dustis.

(iii) The acceptablility and effectiveness of existing and proposed medical surveillance
procedures and programs should be evaluated.

(iv)  There is scope for parallel studies to be undertaken in developed and developing
countries of workers exposed to vegetable dusls such as grain, rice, tobacco, and
animal confinement facilities.

(d) Environmental Monitoring. Monitoring of the workplace envivonment for vegelable and
other natural dusts is a field where furlher research is required:

(1) ¥ield lesting of the environmental monitoring approach iz needed to evaluate the
usefulness of Lhe following measurements: inhalable dust, respirable dust,
airborne proiein, airborne microorganisms, and total dust.

ii) Dusis need to be analyzed for their various components and particle size
distributions in terms of respirable and inhalable elements.
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1. OCCUPATIONAL ASTHMA'

For the purposes of this monograph, occupational asthme (0A) is defined as reversible
obskructive airways disease with hyperresponsiveness of the airways to s variety of

oceypational stimuli.

It is usually associated with symptoms of chest tightness and wheezing

together with excessive mucus secretions, mucosal inflammation and edema, and eosinophila of

the peripheral blood, respiratory tissues, and sputum.

The degree of reversibility is

expected to be essentially complete and precipitating factors may be allergic, nonspecific, or

jidiopathic (Scadding, 1976; Reed & Townley, 1978; Pacrkes, 1982).

The causes of occupational

asthma may be divided inte those resulting from exposure to grains, flour and plants, to
woods, and enzymes (see Tables 1-3).

1.1 Etiological Apents

Exposure to allergenic vegetable dusts is inecreased in certain cccupations, particularly
agriculture, food manufacture, forestry, and the commercial exploitation of microbes for
animal feed, e.g., Candida utilis and microbial products, protecolytic enzymes snd certain

antibiotiecs.

Table 1.

Causes of Qccupational Asthma:

Gtains, Flour, and Plants

Causative Agent:

Grain

Flour

Rye flour

Tamarind seeds
(Tamarindus indica)

Green coffee bean
Coffee bean

Castor bean

Tea fluff
Maiko-tuberous toots

Cum acacia

Gum tragacanlh
Strawberry pollen

Cinnamon

Occupation:

Millers
Grain handlers

Grain elevator workers

Bakers

Millers

Bean handlers/roasters

Bean handlers

Farmers and gardeners

Millers and neighborhood
;residents

Tea shiflers/packers

Millers

Printer

Drugs and sweets
production workers

Gum production workers

Strawberry growers

Cinnamon handlers

Refetences:

Duke, 1935;

Davieslet al., 1976; doPico et al., 1877y
Skoulas et al., 1964; Tse et al., 1973;
Chan-Yeung et al., 1979

Ordman, 1947; Popa et al., 1970

Hendrick et al., 1970; Bjdrkstén et al.,
1977; Jérvinen et al., 1979
Briatico-Vavgosa & Cardani, 1984

Tuffnell & Dingwall-Fordyce, 1957

Karr et al,, 1978
Zuskin et al., 1979; Lehrer et al., 1978

Figley & Elrod, 1928
Charpin & Zafiropoulo 1956

' Mendes & Cinkra, 1954; Otdman, 1955

Uragoda, 1970

Nakazawa, 1983

Bohner, 1941; Sprague, 1942; Fowler, 1952
Brown & Creper, 1947

Galfand, 1943

Kobayashi, 1974

Uragoda, 1984

By Ricirerson, H.B., Merchant, J.A., Nordman, A.J., Newnan Taylor, A.J. & Suma'mur, P.K.




WHG/0CH/87.1
Page 20

Table 2.

Causes of Occupational Asthma:

Woods

Causative Agent:

Western red cedar
(Thuja plicata)

Cedar of Lebanon
(Cedrug libani)

Iroko

Californian redwood,
Sequoia sempervirens

Mahagony
Oak
African zebrawood

Cocabolla,
Dalbergia retuss

Kejaat, Pterocarbug
angblensis

Obeche, Tripleochiton

rioan

Pine resin/colophony

Table 3.

Occupation:
Wood workers
Carpenters
Timber millers

Carpenters

Carpenters

Carpenters
Woodworkers

Pattern makers
Sawmill workers
Woodworkers

Wood finishers

Wood machinisgts

Carpenters

Electronics production
workers

Causes of Occupational Asthima:

References:

Chan. Yeung et al., 1973
Chan-Yeung, 1977
Pickering et al., 1972
Gandevia & Milne, 1970
Evans & Nicholis, 1974

Greenberg, 1972

Pickering et al., 1972

Chan-Yeung & Abboud, 1976
DoPico, 1978

Sosman et al., 196%
Sosman et al., 1969
Bush ot al., 1978

Eaton, 1973

Ordman, 1949

Innocenti & Augotzi, 1980

Burge et al., 1973
Fawcett et al., 1976

Enzymes

Causative Ageni:

Bacillus subtilis

Trypsin

Pancreatic extracts

Papain

Flaviastase

Bromelin

Occupation:

Detergent production
workers

Enzyme production workers

Piroresa workeys for-
plasiic peolymers

Pharmaceutical workers

Laboratory technicians
Pharmaceutical workers

Pharmacist

Process workers

References:

Flindt, 1949

Pepys et al., 1969
Greenberg et al., 1970
Newhouse et al., 1970
Mitchell & Gandevia, 1971
Juniper & Roberts, 1984
Juniper et al., 1977

Zweican et al., 1967
Colten et al., 1975

Pilat et al., 1967

Tarlo et al., 1978
Baur et al., 1979

Pauwels et al., 1978

Galleguillos & Rodriguez, 1978
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Asthma (and rhinitis) is commonly caused by inhaled organic dusts, suspended in the
atmosphere, both outdoors (pollens and mold) and indoors in homes and offices (the house dust
mite D. pteronyssinus and domestic pets such 88 cats and dogs). The prevalence of specifie
allergens in the environment varies with geographic location, climate, sesasons, and time of
day.

Exposures to these dusts pose a significant health hazard in developing countries where
a substantial proportion of workers are engaged in agriculture. It ig important to note that
children are frequently exposed to these dusts in the agricultural setting. Hence, exposures
to vegetable and other organic dusts are important occupational hazards in both developed and
developing countries and involve a population of potential risk which must be measured in the
tens of millions.

1.2 Pathology and pathogenesis

The general mechanizmg involved in occupational asthma appear to be similar to those
involved in bronchial asthma, except for certain unique causative agents and the lack of
coexisting atopy in gome patients with allergic oceupational asthma. Consideration of
pathogenesis covers initially, therefore, what is known about bronchial asthma, and
subsequently congideration of the special features found in occupational asthma.

Pathological findings in patients dying of asthma have included mucosal edemz and
shedding, basement membrane thickening, smooth mugcle and mucus gland hypertrophy and
hyperplasia, and airways infiltration with eosinophils. Overdistension is present without
evidence of any form of destructive emphysema; the generml architeeture of the lung is
maintained (Hayes, 1976). The bronchial lumen contains a distinctive exudate composed of a
basophiliec mucoid component and an eosinophilic proteinaceous element. Some exudate has been
found even in asymptomatic¢ asthmatics killed by trauma. Little pathological material has
been avsailable from asthmatics during uncomplicated acute or chronic episodes or during
symptom-free intervals. Findings at autopsy may not adequately rveflect the primary lesions
associated with bronchial asthma per se. Fiberoptic bronchoscopy with blopsy and lavage may
be justified in some asthmatics, but no sueh studies have been reported.

The presence of hyperresponsive airways, whatever the basic cause, ig cucrently
considered to be the underlying condition predisposing to the development of clinical
bronchial asthma. Such airways' hyperresponsiveness can be demonstrated by exercise,
hyperventilation, or cooling of airways, and by bronchial challenge with histamine or
methacholine in quantities insufficient to produce obstruction in normal airways. The
addition of specific allergens, nonspecific irritants, or infection may then result in
clinic¢al asthma in individuals so predisposed.

Discussion of pathogenesis of occupational asthma therefore includes airways'
hyperresponciveness; the atopie¢ state; immunologic mechanisms in allergle asthma; causative
factors; and specific etiologic agents.

Hyperresponsive airways in the lung

Hyperresponsiveness of airway smooth muscle in asthmatles may be due to hyperceactivity
(an increased responsiveness to every effective dose of a stimulus), hypersensitivity (a
decreased dose needed to obtain each response), or both (Daniel, 148l)., Possible mechanisms
of airways' hyperresponsiveness include prior airway narrowing, hyperirophy of bronchial
smooth muscle, sutonomie nervous system imbalance, and epithelial damage. Studies so fac
best support the notion that bronchial hyperresponsiveness in asthma is due to abnormal
autonomic regulation of airway smooth muscle rather than to the musele's conlractile
mechanism per se. Of the three autonomic systems (sympathetic, parasympathetic, and
nonadrenergic¢ inhibitory) regulating muscles of the airways, only the parasympathetic system
seems capable of rapid, reversible changes of the magnitude seen in bronchial asthma.
Nonadrenergie inhibition in human airways including trachea and small bronchi has bheen
demonstrated, but no evidence has been presented for a defeet in the inhibitory system, nor
has its role in the airways been defined (Richardson, 1981).
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Most studies of airways' hyperresponsiveness have involved atopic subjects. The
importance of acquired hyperresponsivenesg is suggested by studies of twing (Falliers et al.,
1871) and by studies of occupational asthma in which bronchial hyperresponsiveness was the
result of chronic exposure to irritating agents and not a necegsary preexisting or
predigposing condition to the development of occupational asthma (Lam et al., 1979},

The atopic state

Basie mechanisms involved in the production of bronchial asthma are best understood in
extrinsiec allergic (IgR-mediated) asthma which occurs in atopic individuals. The state of
atopy is usually defined as the readinecs to develop IgE-class antibodies to harmless
inhalants such as pollens, molds, danders, and dusts, as demonstrated by positive wheal and
flare skin tests to common inbalant allergens. But of great interest also are the
detarminant factors for target organ regponsiveness: the nose ih hay fever, bronchial
alrways in asthma, and the skin in atopic dermatitis. Atopic asthma appears to be triggered
by inhalation of allergens by individuals with specific IgE antibodies, but only if airways'
hyperresponsiveness coexists. Thug, the basic factor is the mechanism of airways reactivity
discussed above.

Abnormal autonomic nervous system vesponsiveness has been found in atopic individuals
(Kalinetv et al., 1982), which may contribute Lo the pathogenesis of bronchial asthma. Atopic
individuals with or without asthma have beta-adrenergic hyporespongsiveness and cholinergic
hyperresponsiveness, but only atopic individuals with asthma have alpha-adrensrgic '
hyperresponsiveness. The same investipators found autoantibodies against bets receptors in
subjects with beta-adrenergic hyporespongiveness, but no convineing correlation with asthma
could he made in thoge tested (Kaliner et al., 1982). Although the presence of an autonomic
inbalance in allergic (atopic) individuals seems indisputable, the underlying mechanisms and
their role in agthms pathogenesis are uncertain. A provocative theory forming a basis for
many experimental studies is Szentivanyl's hypothesis of heta-receptor blockade (Szentivanyi,
1980).

The presence of IgE antibodies to inhalant allergens defines the atopic individual;
these antibodies play a primary role in triggering bronchial asthma in susceptible
individuals,

Immunologic mechanisms in extrinsic allergic (IgE-mediated) bronchial asthma

Allergens. 1In general, allergens capable of stimulating IgE-class antibodies and
subsequently triggering bronchial agthma in individuals with airways hypertresponsiveness
consist of organic materials in common inhalants such as dusts, pollens, mold spores, and
animal dandetrs. In occupational asthma, =imilar materials are often involved as well as more
exotic inhalants discussed below,

Unique requirements for antigenic determinants capable of triggering IgE immunogenesis
have not yet been defined. Although a N-glycosidic protein-supgar linkege incorporated into
allergen structures may serve such a role, there is as yet no common primary structural
denominator recognized {otr allergenic structure (Stanworth, 1973),

Antibodies of the IgE and IpG, immunoglobulin c¢lasses. The antibodies primarily
responsible for mediation of extrinsic bronchial asthma are of the Igk immunoglobulin class.
Initially recognized az gkin sensitizing antibodies capable of passive transfer by Prausnitz
and Kistner in 1921 (and called reaging or reaginic antibodies for many years), antibodies
respongible for Type I, acute, immediate, anaphylactic-type hypersensitivity reactions were
more recently shown to be a new class of immunoglobulin ~- IgE (Ishizaka & Ishizaka, 1978).

Evidence has now been presented for the existence of allergen-specific antibodies of the
IgG, subclass, which may be associated with late responses to bronchoprovocation (Gwynn et
al., 1982). The exact role of this antibody ¢lass in ¢linical asthma awaits definitlion.
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Mechanisms of type I (anaphylactic) hypersensitivity. The combination of allergen with
specific IgE antibody takes place on the surface of mast cells and basophils. The bridging
of alletgen by two antibody molecules (engaged by their Fc portions onto cell membrane
receptors which are activated when bridged), begins a series of responses by the mast cell or
basophil leading to the release of mediators responsible for clinical manifestations
ineluding bronchial asthma (Kuleczycki, 1981).

Significant mediators in man include the leukotrienes and histamine, which may affect
target tissues directly or via neurogenic reflex arcs or both. Various mediators are either
preformed and stored for future discharge ot are synthesized as the response takes place.
Mast cells in the lung are located in the bronchial lumen, in the submucosa near vessels and
glands, throughout smooth mus¢le, and within the alveolat septa.

Changes associated with triggering of mast cells by bridged receptors include incressed
phospholipid methylation in the cell membrane, opening of calcium channels and calcium
influx, and activation of a serine esterase which leads to mast cell degranulation and
release of mediators (Middleton et al., 1981l). Mast cell-derived mediators and their sources
include: 1) histamine, eosinophil chemotactic factors of anaphylaxis, and neutrophil
chemotactic factors of anaphylaxis which are loosely bound to the granule matrix and quickly
releazed preformed; 2) kKallikrein, bradykinin and products of arachidonate metabolism
including prostaglandins and Jeukotrienes which are newly synthesized by the stimulated cell
membrane; 3) heparin, superoxide dismutase, peroxidase, arylsulfatase A, chymotrypsin and
chemotactic factors for neutrophils and mononuclear cells which are tightly bound, slowly
released granule-associated mediators. Recent studies suggest a heterogeneity of mast cells,
with defined differences in responses of peritoneal and mucosa-associated mast cells (Pearce
et _al., 1982). :

In addition to bronchospasm, mediator release leads to mucosal edema and mucus
secretion. Leukotrienes are the leading candidates as primary mediators of asthma (Holroyde
et al., 1981; Lewis & Austen, 1981).

Of considerable interest are reports of platelet activation (Knauer et al., 1981) and
neutrophil chemotactic activity during antigen-induced asthma (Nagy et al., 1982). Plasma
platelet factor 4 inecreased within 10 minutes following antigen challenge; the exact
mechanisms and significance of the observation need c¢larification, and observations were not
extended into the time of late phase responses. A circulating neutrophil chemctactic factor,
however, was found during both early and late asthmatic responses (Nagy et al., 1982). These
findings suggest that mediators of hypersensitivity are released in late as well as early
asthmati¢c rvesponsesn.

The role of the eosinophil, whether protective or injurious to host tissue in bronchial
asthma, has not been precisely defined and demands further study (Butterworth & David,
1981). Evidence has been marshaled to suggest a modulating role for eosinophils on the
allergic response, and more recently an inflammatory role has heen suggested for its major
basic protein (Frigas et al., 198L).

Late responses in asthma, as in allergic alveolitls, were initially considered
manifestations of Type III (immune complex-mediated) reactions but no evidence of this has
been fortheoming. What roles, if any, lymphocytes and their products (lymphokines) play in
these responses also await definitive exploration. Activation of complement via the
altermative pathway has been nonconfirmatory (Monie et al., 1979). Serum levels of these
various potential compenents of the heterogeneous asthmatic response may not adequately
raeflect changes ocecurring at local bronchial sites.

Causative factors: early and late resgponses

The use of bronchoprovocation, and longitudinal studies after known exposures (feasible
in occupational asthma), have revealed two components to airway obstruction following
challenge: an early (immediate) asthmatic response and a late (nonimmediate) asthmatic
response. These observations have enlarged our understanding of clinical asthma and its
pathogenesis (Dolovich & Hargreave, 1981).
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Early responses occur within minutes and clear, usually spontaneously, within an hour or
so of thallenge with an antigen; they also result from hypetventilation; exercise; or
inhalation of cold air, histamine, and methacholine. The early response is not followed by
an increase in nonspecifi¢ bronchial responsiveness (i.e. hyperresponsiveness), but is
greatly dependent upon the pre-existing state of bronchial hyperresponsiveness of the host.

Evidence suggests that early responses are simply reversible smooth muscle contractions,
whether due to mediator trelease or to irritant-receptor-vagal reflexes.

Late responses, on the other hand, occur 6 to 12 hours after an early reponse to inhaled
antigen in perhaps 50% of allergic asthmatics. These late reponses simulate naturally
oceurring asthma more closely than do early responses in several respects. Late responses
last longer, are more resistant to treatment, are associated with greater degrees of
obstruction, and are prevented by corticostereids which have little effect on early
responses. Clinical improvement following immunotherapy with house dust mite extract was
found to be associated with loss of the late but not of the early response to antigen
rechallenge., Late cutaneous reactions to allergen can be attributed to consequences of IgE
antibody-mediated responses alone (Richerson et al., 1979). The pathogenesis of late
responses appears to involve a major inflammatory component. Late asthmatic responses to
antigen are assgociated with an increase in nenspecific bronchial responsiveness.

Hyperresponsiveness is algso acquired following virus infections, inhaled
chemically-reactive substances and pollutants such as ozone. Such stimuli appear to induce
asthma ag an acquired condition, suggesting that asthma may be generally acquired as a result
of exposure to inducers. Indeed, this was pointed out by Dolovich and Hargreave in 1981.

In summary, the occupational environment may be responsible for the appearance of
bronchial asthma by several different mechanisms: 1) induction of bronechial
hyperresponsiveness; 2) primary sensitization to an allergen; and 3) exposure to nonspecifilc
triggering factors. Agents stimulating reversible airways obstruction (inciters) may do so
by sensitization as an allergen in atopic or in nonatepie individuals, or by nonallergic
mechanisms involving inflammatory, pharmacologic, or neurogenie pathways (Murphy, 1976).

When vepetable dusts are the causative agents, the most common sequence ig presumably
induction of airways' hyperresponsivenese and allergic sensitization with the subsequent
onget of clinical asthma, most often in an atopic individual. Coexistent environmental
factors including nonspecific irritants, toxins, c¢hemicals, cold dry air, exercise, viral
infections and other intercutrent illnesses during induction or ineiting phases may be
important and add to the complexity of definitive evaluation. Cigarette smoking is
undeniably an important risk factor in the development of airways disease and often overrides
all other factors (Weill & Diem, 1980).

1.2 Clinical and Epidemiological Review

The typical picture of occupational asthma is easy to recognize. The principal complaint
is wheeziness at work. However, wheeziness is often preceeded by conjunctivitis, rhinitiz and
sneezing. Frequently the first manifestation of occupational asthma is a nonproductive cough,
which over a period of several months, or even years, develops into wheezing. The predictive
symptoms of incipient asthma are clearly related to the working environment; however, wheezing
does not necessarily occur during work hours. In a late asthma reaction, the symptoms may
start after the workshift, in the evening or even at night. Thus the association hetween
symptoms and the working environment in late reactions may easily be overlooked.

1f the symptoms resolve rapidly, the patient may experience the same degree of symphoms
over each workshift. If the night is too short for the symptoms to resolve, a progressive
deterioration may be felt throughout the week. As a rule, the early symptoms of occupational
asthma tend to disappear over weekends and holidays. However, as a consequence of the
cumulative effect of repeated exposure, the symptoms may need more than two days to resolve,
At this stage the asthma begins to worsen week by week, The longer the workers remain
exposed, the greater the risk that they will begin to react to totally unspecific stimuli
such as dusts, exhaust fumes, tobacco smoke, cold air, physical exercise, and so on.
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The examination of a patient suspected of suffering from occupational asthma involves
the same basie battery of tests and investigations as those used in the diagnosis of any
agthmatic, The first task is to assess whether the palient is in fact suffering from
asthma. (For an excellent example of the routine investigation, see, for example, Crofton
and Douglaz, 1981). The second task to be assessed is whether Lhere is a causal relationship
batween the symptomes and the working environment. The demonstration of specific antibodies
is an important part of the diagnosis. Commercial allergen extracts are available for many
organic allergens and ad hoc extracts can often be produced. Due to toxic reactions,
chemicals are not always suitable for skin testing. Serologic methods, such as the
radio-allergo-sorbent-test (RAST), provide a means of demonstrating specific antibodies in
the serum. HNasal and conjunctival provocation tests offet valuable alternatives.

A convincing history, together with skin and serologic test results, combined with the
demonstration of ventilatory function decline may suffice for the diagnosis. ¥For medicolegal
reasons, or if the offending agent is not a known inducer of occupational asthma, it wmay be
necassary to produce more irrefutable evidence of @ causal relationship. Such proof can be
obtained by inhalation challenge tests (Pepys & Hutcheroft, 1975), which may he performed
either under controlled conditions in a hospilal or at the workplace.

Records of peak expiratory flow at work may be obtained over a preolonged period (10 days
- 4 weeks). Poor recording techniques, unknown levels of exposure, and medical treatment may
interfere with the records. The procedure, though rather demanding for the worker, has
proven most useful in the dlagnogis of occupational asthma; however, it cannot identify the
specific agant causing the disease (Burge, 1982a).

To obtain a specific etiological diagnhosis, inhalation provoecation tests under controlled
conditions should he used. Knowing the agent may be of the utmost imporiance to the patient,
who may have to change jobs within the plant or transfer to a totally different industry
(Davies & Pepys, 1977). The provocation techniques available Loday are simple, safe, and
reproducible and can be applied for a variety of industrial dusts, vapors, and fumes. The
techniques have been described in detail by Newman Taylor and Davies in 1981. The amounts and
concentrations used for exposure should be carefully guided by the history and information on
the working conditiong. Some sgents may induce asthma in sensitized subjecls at extremely low
levels (e.g., isocyanates) and require simultaneous monitoring of the concentrations in the
exposure chamber .

Inhalation provocation tests are time consuming for severa) reasons. 8Single challenge
tests can be performed only once a day. The next challenge should not bhe attempted before
total recovery. The results are interpreted by comparison of the reaction with both
spontaneous variation and the result of a placebo test. It should be emphasized that
inhalation challenge tests cannot be performed on patients suffering from unstable ssthms.
Adequate medical treatment, frequently including oral steroids and the interruption of
exposure, may be needed for several weeks before provocation tests ¢an be done.

Teast reactions to bronchial provocation, The reaction provoked by an inhalation
challenge test may develop within a few minutes of exposure or as a late reasction. Late,
that is, nonimmediate, reactions display different patterns, all of which are thus far only
dezseriptive. The mechanisms of these reactions are not well understood. Sometimes a
challenge test is followed by a dual response, i.e.,, both an immediate and a late reaction
(Newman Taylor & Davies, 1981).

The immediate peaction, as described by Pepys and Hutcheroft (l1975) starks withian 10-15
minutes of exposure; reaches itz maximum within 15-30 minutes; and reszolves within 1 to 2
hours. The immedizte reaction is known to be inhibited by sodium cromoglyecate. It can also
be inhibited by the administration of a fij—adrenoreceptor stimulant, whereas oral or
inhaled corticosteroids taken prior to the test have no inhibitory effect. The asthmatic
reaction is reverged by the inhalation of fis-adrenoreceptor stimulsnts.
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According to Pepys and Hutcheroft (1975), three types of nonimmediate asthmatic
reactions can be distinguished. Reactions that start 4-8 hours after exposure and resolve
within 24 hours can be inhibited by oral or inhaled corticosteroids taken prior to the test.
Sodium cromoglycate taken before the test or during the day of the test may alsc inhibit the
reaclion partially or even completely. The effect of fis-adrencoreceptor stimulants is not
as good; they produce a partial and temporary improvement in lung function.

Another type of late resction starts aboul one hour or more after exposure and pevsists
for 3-4 hours. Frequently the reaction comes in the early hours of the morning. This type
sometimes tends Lo recur at the same time on & number of succ¢essive nights. The recurrent
nocturnal reaction may follow one single exposure and has been caused by isocyanates and
pentcillin dust (Pepys & Hutchcroft, 1975; Newman Taylor & Davies, 1981).

As inhalation challenge tests place great demands on the patients as well as on health
personnel, they should be performed in centers where expertise in cccupational respiratory
diseases is available, and patients should be channeled to such centers (NIAID Task Force
Report, 1979; Pepys, 1982).

Epidemiolopy

Reliable estimates of the risk of developing oceupational asthma in workers exposed at
work to particular sllergens are difficult to obtain, and subject to biases which make valid
analyses of the relationship between exposure and risk of disease unreliable. These include:

Case Identification - There is as yet no reliable method of identifying cases of
occupational asthma in exposed populationz. Different studies use various 4efinitions of
case status based on the results of symptom questionnaires, lung function test
measurements, and impunologic reaciions.

Seleclive biases - Individuals who develop occupalional asthma are likely to avoid
further exposure to the cause of their asthma, and leave their place of work.

Exposure digsease relationships - The tendency of individuals who develop this disease to
avoid further exposure to its cause means Lhat Lhose who accumulate exposure are Lhose
who survive Lo do so.

These problems make it difficult to generalize from prevalence surveys which form the
majority of studies of vecupational asthma. Some longitudinal studies of occupational asthma
have been undertaken. The majority of Lhese are serial prevalence surveys which suffer from
the problem of not knowing the reason for leaving among those who cease employment in the
industry. Probably the most gatisfactory solution te this problem is to study employees
exposed at work to a patrticular allergen. Such studies would include regular investigation
of the exposed population, with symptom questionnaires, lung funection test meagurements and
where appropriate, immunologic investigations, as well as ascertainment of reasons for
leaving employment where appropriate.

Juniper and coworkers (1977), in & prospective seven year study of those employed in a
factory menufacturing enzyme detergents, studied 1642 employees with symptoms questionnaires,
lung function test measurements and skin prick test reactiong, both to common inhalant
allergens (a2 a measurement of atopy) and to Bacillus subtilis enzyme alkalase. The reasons
for leaving employment or relocation in the industry, were ascertained. In addition, vegular
measurements of atmospheric enzyme dust were ascertained. They found that the rate of
disease was increased in those most heavily exposed to enzyme dust and among stopics. The
rate of disease decreased with improvements in dust control, during the seven year period.

Another study, of chemically induced occupational asthma from toluene diisocyanate
workers (TDI), indicated that asthma symptoms may persist for several years and even worsen
without any further exposure to isocyanates (Adams et al., 1978). 1In several workers with
colophony asthma, their symptoms persisted after they left the work . Symptoms on follow-tip
were common, and only 14% of those affected had returned Lo the slate of health they had
before developing asthma (Burge, 1982b).
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A recent careful follow-up of red cedar workers also indicated a guarded prognosis, even
among workers removed from the environment (Chan-Yeung et al., 1982). Early diagnosis and
removal from exposure were associated with recovery, but only about one-half of all workers
recovered completely after their exposure ended; the mean period of follow-up was three and a
half years. Methacholine challenge demonstrated bronchial hyperreponsiveness at the time of
initial diagnosis. This test gradually returned towards normal in patients who became
asymptomatic after removal from the environmeni; in only 8 of 26 of these asymptomatie
individuals was the methacholine challenge test within the normal range. Similar observations
have been made on paltinum salt workers (Newman Taylor, personal communicalion) and recently
have been noted among 88 cases of isocyanate asthma (Nordman, personal communication). These
studies Ltherefore suggest that the reduction of bronchial hyperresponsiveness is slow to
reverse and may not reverse if exposure to the inducing agent is prolonged.

specific examples of occupational asthma

Grains and flour. Occupational asthma occurs in those exposed to grain duste during
harvesting, transport, storage, and milling and also in those exXposed to flour dust in
bagging, transportation, and use (see Table 1). Grain dust iz a complex mixture of the
grain, i.e., wheat, barley, oats, ete¢., and varioeus contaminants, particularly fungi and
mites, many of which are allergenic. The microflora of grain dust differs considerably at
harvest time and in storage. The major contaminants of harvest dust are saprophytic field
fungi, such as Cladogporium, Alternaria, Vertieillium, Paecilomyces and plant pathogens such
as Ustilago. Fungal spores and hyphae are the major constituents of sairborne harvest dust.
In one study, airborpne dust around combine harvesters contained up to 200 000 000 fungus
spores per cubic millimeter with Cladosporium acecounting for more than one-half of the total
gpores {(Darke et al., 1976). Grain handled between hagvesting and storage has a similar
flora. Once placed in storage, the change in the microflora depends chiefly on water
content, the degree of spontaneous heating, and the aeration of the grain. If the aeration
is restricted as in sealed silos, heating and microbial growth 1s limited unless a leak of
air occurs during unloading. Species of yeast and Penicillium are most abundant in these
circumstances. With increasing aeration, low water content and temperature, the predominant
species is Aspergillus glsucus. As water content increases, these are replaced by other
Aspergillus species and at a water content of 30% and temperature between 50°C and 659¢,
the predominant species arve Aspergillus fumipatus and thermophilic actinomycetes, such as
Micropolyspora faeni and Thermoactinomyces vulgaris, Malting may encourage the growth of
Asperpillus clavatus. In addition, grain in storage may be contaminated by mites such as
Tyrophagus longior and Lepidoglyphus desiructot.

Several studies of grain workers have identified the risk of occupational asthma, but in
few cases has it been possible to identify with confidence, the specific eauge. Darke et
al., (1976) studied Lincolnshire farnm workers in the United Kingdom. One quarter complained
of respiratory symptoms when exposed to harvest dust, a proportion of whom were found to have
evidence of specifiec IgE antibody to the harvest fungil. Chan-Yeung and coworkers (1979)
found that 4% of 610 grain elevator workers in British Columbia, Canada, had a decrease in
FEV, greater than 10% during a working week. They studied 22 of these, six of whom had
asthmatic reactions provoked by grain dust challenge, and 16 of whom did not. They obtained
no immunologic evidence to identify the specific cause of their asthma in these six. Ingram
and colleagues (1979), obtained evidence to suggesl that storage mites, Tyrophagus longior
and Lepidoglyphus destructor caused asthma in farmers, in the Orkneys, Scotland, exposed to
hay and grain dust. '

Molds which grow in grain due to storage tend to be associated with extrinsic allergic
alveclitis rather than asthma, although Aspergillus clavalus have been shown to cause asthma,
as well as allergic alveolitis.

Flour dust is a complex mixture of starch and proteins which is less likely to be
contaminated by mold and mite allergens than grain dust, but to which other allergenic
materials may be added during food production. Oc¢cupational asthma in bakers is well
described and is the major cause of occupational asthma in Finland. Immunologic studies have
identified specific IgE antibody to wheat and rye flour, proteins in affected bakers.
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Castor beans. Allergic reaction from the upper respitcatory tract caused by caslor bean
dust has been recognized since the 1920s. The allergenic fraction in castor bean and its
composition have been studied by Coulson and coworkers (1950). Most of the workers
sensitized to castor besn have been millers working inside the bean processing plant (see
Table 1.). However, sensitization to castor bean was also noted among coffee bag handlers,
The cause of their sensitization to castor bean was most likely the fact that the same bags
had previously been used to transport castor beans (Figley & Rawling, 1950). Asthma has been
shown to develop in farmers and gardeners using # dried residue of the beans as fertilizer,
Specific IgE-antibodies have been demonstrated in the sera of patients with clinical symptoms
and positive skin prick tests.

An extremely interesting feature of the castor bean is that it hag caused endemic
outbreaks of asthma in residents living in the vicinity of bean processing plants. The first
outbreak occurred in Toledo, Ohio, in the United States of America (Figley & Elrod, 1928).
Other similar outbreaks with asthmatic bouts both inside the factory and among neighboring
populations have occurred in Brazil (Mendes & Cintra, 1954), South Afrieca (Ordman, 1935),
France (Charpin & Zafiropoulo, 1956), and the last one in Dieppe, France (Wolfromm et al.,
1967). These incidents are interesting because an industrial pollutant is rarely strong
enough to cause sensitization in the neighboring population. Another possibility is that
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